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Entomopathogenic nematodes (EPNs) from Heterorhabditidae and Steinernematidae families, in association with enteric bacteria, are considered 
one of the best non-chemical alternatives for insect pest control (Boemare, 2002; Kaya et al., 2006). Moreover, several studies have suggested that 
EPNs could be applied against plant-parasitic nematodes (PPNs) such as Meloidogyne spp. As the effect might be affected by the interaction 
between EPNs species and PPNs species/biotypes, as well as the plant host, the aim of this survey was to evaluate the application of EPNs native 
strains against virulent and avirulent biotypes of Meloidogyne incognita (Tylenchida: Heteroderidae) race 1 on tomato under laboratory conditions. 
The strains Rioja of Steinernema feltiae and 96 of S. carpocapsae
(Rhabditida: Steinernematidae), biologically characterized by 
Campos-Herrera et al. (2006, 2007) were cultured on Galleria 
mellonella (Lepidoptera: Pyralidae) larvae (Woodring & Kaya, 1988) 
prior to prepare the infective juveniles (IJs) solutions (Glazer & Lewis, 
2000) for the bioassay. Meloidogyne incognita (Tylenchida: 
Heteroderidae) race 1 strains were characterized by the Differential 
Host Test of Hartman & Sasser (1985) to determine the race and by 
the bioassay of Bello et al. (2004) to assess the biotype (virulent or 
not to resistant tomato and pepper). Pure nematode cultures of M.
incognita strains 26 (virulent) and 66 (avirulent) were established 
using egg masses extracted from mature females and inoculating 
tomato cv. Marmande plants (Solanum lycopersicum Solanales: 
Solanaceae, susceptible to root-knot nematodes) growing in sterile 
soil (Piedra Buena et al., 2005).
Statistically significant differences (P = 0.000) were found for N° galls/plant (F 5, 250
= 28.876), N° eggs/plant (F 5, 251 = 23.200) and N° J2/egg mass (F 5, 251 = 6.757), 
and differential effect was observed for nematode interactions (Fig. 1). 
Steinernema carpocapsae reduced gall production on plants inoculated with the 
virulent PPN, and for this PPN biotype both EPN species significantly reduced the 
N° egg masses and N° J2 per egg mass. Conversely, EPNs application on the 
avirulent biotype significantly increased root galling, as well as N° egg masses per 
plant and N° J2 per egg mass when S. feltiae was applied. Only the interaction 
between the avirulent biotype of M. incognita and S. carpocapsae significantly 
reduced N° J2 per egg mass, although it did not affect N° egg masses per plant.
In general terms, the expected antagonistic effect 
EPNS-PPNs was observed only on the virulent strain 
of M. incognita but not on the avirulent one, with S. 
carpocapsae showing the best behaviour. However, 
this effect is considered still insufficient to achieve a 
satisfactory control of the PPN’s populations.
Our results suggest that further studies considering 
different root-knot nematodes biotypes and EPN 
species are strongly recommended in order to clarify 
EPNs-M. incognita interactions in soil. 
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A complete randomized experiment design with 12 replicates by 
treatment was performed. Treatments were: i) avirulent M. incognita 66
strain, ii) virulent M. incognita 26 strain, iii) avirulent M. incognita 66 
strain + S. feltiae or S. carpocapsae, iv) virulent M. incognita 66 strain + 
S. feltiae or S. carpocapsae, v) S. feltiae or S. carpocapsae, and vi) 
control treatment without nematode inoculation. The experiment was 
repeated three times. Single tomato cv. Marmande plantlets (2 true 
leaves, about 20 days) were inoculated with 200 M. incognita infective 
juveniles (J2, treatments i, ii, iii and iv) and 900 IJs of S. feltiae or S. 
carpocapsae (treatments iii, iv and v), and kept in growth chamber (24 ±
1ºC, 16 hs daylight). After 60 days, galls and egg masses were counted, 
as well as root-knot J2 emerging from egg masses 7 days later. ANOVA 
analyses and Duncan’s paired test (P ≤ 0.05) were performed (SPSS 
14.0) to assess differences between treatments on gall and egg masses 
production per plant and emerging J2 per egg mass.
MATERIAL AND METHODS
RESULTS
Figure 1. Effect of EPNs Steinernema feltiae Rioja and S. carpocapsae 96 strains application on Meloidogyne incognita race 1 avirulent (66) and virulent (26) biotypes in 
tomato cv. Marmande. A. Gall production per plant. B. Egg masses production per plant. C. Infective juveniles of M. incognita per egg mass. Data are shown as average ±
SEM. Control treatment (without nematodes addition) is not shown (all data = 0).
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